of their paper that in order for there to be inertial cavitation, the nuclei must be smaller than resonant size, and therefore less than 2 m in diameter, much smaller than the mean alveolar diameter. Yet it seems entirely unreasonable to suggest that not a single such small nuclei exist in the immediate vicinity of the alveoli sacs, which are saturated with gas. It only takes a single such site to act as a nuclei. Furthermore, it is well known that once a site undergoes inertial cavitation, it will produce other small bubble fragments that can themselves act as inertial cavitation nucleation sites. Recent studies support the contention that small nuclei do occur in lung tissue.
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of their paper that in order for there to be inertial cavitation, the nuclei must be smaller than resonant size, and therefore less than 2 m in diameter, much smaller than the mean alveolar diameter. Yet it seems entirely unreasonable to suggest that not a single such small nuclei exist in the immediate vicinity of the alveoli sacs, which are saturated with gas. It only takes a single such site to act as a nuclei. Furthermore, it is well known that once a site undergoes inertial cavitation, it will produce other small bubble fragments that can themselves act as inertial cavitation nucleation sites. Recent studies support the contention that small nuclei do occur in lung tissue. 2 It is true that gas equilibration will take place fairly rapidly in the circulation system of the animal. In unpublished tests of decompression in mice that I ran with Dr. Karl Schaefer many years ago, the nominal time for saturation of the animals in a decompression chamber was about 20 min. The slowest tissues, of course, are the fatty tissues, which, in our decompression studies, often were the site of hind limb paralysis of the mice. If overpressure is to produce a strengthening of the animal to cavitation, it must compress the existing sites such that the internal gas in the bubbles has time to dissolve into the surrounding tissue. That dissolution time must be shorter than the saturation time, which depends both on perfusion and diffusion. So it may well be that where the perfusion is slower, as in fatty tissues, overpressure may be successful in reducing bubble nuclei size, whereas where the perfusion and diffusion are faster, as in the lung, this does not take place.
Finally, in their paper, O'Brien et al. choose to adopt a negative approach in saying that a particular model does not explain their experimental results. They give no convincing model of what is responsible for the effects they have observed. When such a negative approach is adopted ͑and is actually emphasized in the title of their paper͒, it puts a very high standard on the proof of the contention, a standard they do not reach. Saying that it is unlikely that cavitation nuclei of the appropriate size exist in the lung is, once again, another negative statement that is unverified by any direct evidence, and furthermore is contradicted by the work of others. If any such nuclei exist, then the explanation I have given in my comment ͑which is not contradicted in the paper or in the present comments by O'Brien et al.͒ offers a reasonable explanation for much of the data from their careful experiments.
To illustrate why the standard on the proof of a contention is greater, consider two of the references given in their comment to my comment that they say support their argument. In both, a raised hydrostatic pressure leads to raised cavitation thresholds. In the paper by Hill, 3 a polystyrene tube with the sample under consideration is in an aqueous bath. The pressure of the entire environmental chamber is increased by up to 0.75 atmospheres for anywhere between 5 min and 3 h, and in all cases the cavitation threshold goes up, suggesting that nuclei are removed or at least reduced in size. In this situation one must rely on diffusion through the outer bath and then to the tube opening in order for gas to diffuse into the tube. Diffusion is a very slow process, and so it is not surprising that before gas could diffuse into the tube, many of the small gas nuclei could have dissolved entirely into solution. Furthermore, in this situation, given the distance that gas would have to diffuse and given the relatively small pressure increment of 0.75 atmospheres, even 3 h might not be sufficient for total saturation of the gas in the tube.
In a second quoted paper of Frizzell et al., 4 the hind limb paralysis of neonatal mice was observed. Increased hydrostatic pressure reduced this paralysis leading the authors to conclude that cavitation was involved in causing the paralysis ͑because it could be suppressed by raising the hydrostatic pressure͒. An important detail of this experiment was that the mice were kept at 10°C. I have performed tests with liquid breathing mice kept at 18°C, and in those circumstances the respiration rate and heart rate are enormously reduced. Working at 10°C permitted Frizzell et al. to avoid chemical anesthesia. The neonatal mice were virtually in suspended animation, a conclusion echoed by Dalecki et al. 5 In this case it is certain that the perfusion of blood is negligible compared to the present paper where adult mice are held at 30°C. ͑Dalecki et al. also find that for adult mice, the lesion area in the lung is very much smaller in the case of mice at 37°C as compared to those for which the blood flow is significant reduced at 10°C.
6 ͒ Also, the hind limb paralysis in the neonatal mice study is likely caused by bubbles that are not carried by the blood but rather that are situated stably in other tissue, such as fat, putting pressure on the nervous system. This tissue will not saturate with the speed of lung tissue.
These two studies illustrate an essential message: When discussing cavitation mechanisms, the devil is often in the a͒ Electronic mail: robert.apfel@yale.edu details. In some cases hydrostatic pressure will inhibit cavitation and in other it will not. It is very hard to make generalizations. And the generalization about inertial cavitation not being a mechanism in lung hemorrhage in the paper under contention is simply not supported by the data or the arguments given in the paper or in the authors' comments to my comment. In fact, a mechanism of inertial cavitation is consistent with the arguments given in my comment.
